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coMjL^ specq?icAti6n 

Process and^Appara^^fdr the Efe^^^^^^ 

^alt-Cdntainmg Liquids 

ToTSpA^x^^!^^i?^?SiS^^ as 

5 Hague, Netherlands, a body corporate 
organised imder the laws of The Netherlands, 
do hereby declare the inwntion, for which we 

die method by which it is to be performed, to 
10 be particularly desaibed jja and by the follow- 
ing: statQnent:—- 

This inveniioh relates to the deionisation 
and-concmtraaon of liiquids and particularly to 



instead of « lafd: ' . 

These ion exchangers must be regenerated 50 
re^arljr, there is need for speaal materials 
«3"9>™«°t> and they inhercndy involve a 
penod _of shutdown: in the softfejimg process 

FinaUyi eledttodialysis is iemplbyed to 'an 
ever-mweasmg ©rterit for the ddbnisatiori ol 55 
lomc liquid; diis process is contiguous, but 
)vhai die solutions are dilute, very much 
energy is required for the deioiiisation o;*mg 
to the highiesistance, so that this process il 
not suitable for obtaining highly demiiieralised « 



- - , — : — --"^ u» ana parucuiariy tc 

1^ ""'^^^^^ ^ot suits 

15 More parm:iilarly the mvehtioii^rdates to a liquids 

^aratedjnto a deionS iS^oSJ^ 
^ centraie, in su^ a manner to^^enm^ 

20 tmuous use and .operation oyer long, periods of 
-time*- 

^ The deionisation of Hquids and in particular 
the demmeralisation of water is a problem of 
steadily growing importance. 

A well-known deionisation method is separ- 
aoon^ of salt from water by distiUation in 
which the water is first vapourised and then 
condensed to yield a distillate of a low mineral 
content. This method, aldiough frequendv 
30 used, is cosdy; ■ : . . 

A second mediod of deionisation involves 
the use of lon-exchanging substances or materi- 
als, such as cation and anion exchangers. 



2S 



an amotf exchanger aiid a catidiie^^ m 
posed between two ion-peniKable membranes 
and deicfmsmg the exchangers by applyihg an 
electric current across the nidnbranes an#the 
exchmgers which causes dispkceinent of 
adsorbed cations and anions dlroudi the memt- 70 
braiies to a rising solution dn the other side 
ot the membranes for r^eneratim of said 
exchangers.- ^ ■■' 

Tlie in^tioii also provides deionisation 
apparatus, comprising an anion exchanger and 75 
a caapn exchanger, disposed in a deionisation 
Oiamber bounded on two sides by ion-perme- 
able membrMes, said chamber being provided 
TO* meansior die introdu^ 
of the Ijqiiid to he deibnised and die deionised 80 



single bed comprising a mkture o^Jhe^J Sr th/EinSf"^"-,^!?'"?^ "«ans 
_^es of exchank /so^ed « mixed^S- L^u^ SS ^^^^^^^^^ 



types of exchanger^ a so-called " mixed-bed 
40 ion exchanger. A drawback of diis method 
is that the ion-exchangers used must be regen- 
erated periodically^, and that per equivalent of 
removed salt at least an equiavlent of acid and 

alkali is required. o— - — « 

[Price 3^* (ffd.J 



r^^^-^ I«bvided for maintainini 85 
oXr^- Across the membrane! 

ana the deionising chamber. 

In 6ihTdng out die invention ionic liquids 
are passed dirough cation-exchangers and 
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pecdvely, wliile Tnaintaining an electric poten- Fig. 4 compiiseran anode 1 .^nd ca^ode Zy 

tial across die exchangers and the membranes, separated by alternate anibnrpermeabl&vi^m'- 

whereby the anions and cations are separately branes 21 and cation-permeable membranes 

* removed at opposed sides of the deionisation 22. Rinsing hquid enters the anode chainr 

S diamber. ber 3, containing the anode X,: through an inlet 

The apparatus of the invention can ba 7 and leaves through an oudet 8; Hquid enters ' 

regarded as being a three- or multi-cell electro- • the cathode chamber 4, containing lie cathode 

dialysis apparatus in which an anion-exchanger 2, through an inlet 9 and l^yes through an 

and a cation-exchanger are present in die outiet 10. 

10 deionising chamber or chambers between, the The liquid to.be -dcionised is fed to dig 75 

membranes. The apparatus can afeb' be deionising odb 5 via duct 11, which liquid 

employed as a concentradon apparatus for leaves die apparatus via duct . 12. Tbese cells 

recovering cosdy ions from highly :are filled, with alternate strata of cadqn 

dons«^ it will be undrstood diat if die ekchsingier 16 and an anion exchanger 15 in 

15 quantity of rinsing liquid is .small in propor- the direcrion of flow of ±e liquid. Rinsing 80 

don to die quantity of liquid dcionised in the . liquid is fed to the intermediate rinsing cells 

deionising chamber, die ions will fohn a more 6 through duct 13, which rinsing liqxud may 

concentrated solution in the rinsing liquid so be the same as the hquid to be deionised, and 

that concentration then takes place. a concentrate is discharged through duct 14. 

20 Some embodiments of tbe apparatus accord- . I^he ineinbranes can be made, of materials 85 

ing to the invention are illiisti;ated in the such^as jtbe material knom under the. Kegis- 

. accompanying drawings, in whidi : -r- tered Trade Mark " Ccllqphan^ parchment 

. Fig. X is a diagrammaitic yerdcai sectional or^pbrous cerandc substances, whidi are'^p^^ 

view of a ddoniang apparati^^ the nibble to bodi;cauons and anions. -Better 

25 invention, die dectrodialysis chambec being: results are. obtained, however, -if :the .mem- 90 

fiQed with a mixture of anions and cation branes are of the perm-selective - type. If a 

exchangers, and ; deionising chamber ffled '^th - ari^^^^ i 

Fig. 2 is a diagrammatic view of apportion exchanger is bounded by a cation-selective 

of an^ apjparatus as shown in Figy 1, but membrane and an anion-selective mem-^ 

30 wharein ^^e deionising cell contains altemat- brane, ions are indeed removed from the 95 

ing horizontal stcai;a of aiiion and .cation deionisingxhamber .but no or only^^^a^^^^^ 
exchange resin. ^ ;; are. conveyed from the rinsing chambers to 

pig, 3 is a portion of a diagraimnatic hori- . die electtodialysis chamber^ as iii^ t^^^^^^ 

zontal siection. of a cell, showing a stratmn of an. .electrpdialysis apparatus, with ionrselective 

35 anion : exchange and a stratum of cation m^mhrancsLr 

ecchanger pi?escnt in j^^^^^ Th^e thickness of the membranes is not very • 

memb ranes, and . , important^ proivded they are suffidendy ion-^ 

Fig. 4 is a diagrammatic seffloA P appar- permeable and the resistance is not too high, 

atas, as indicated in Fig. 3, comprising more Thus the membranes 'can be of a thickness to 

40 than one deioniskig chamber. withstand the pressure , differences 'which may 103 

In Figs. 1—^3, reference numeral 1 repre- exist ber^veen die deionising chamber and the 

sents the anode, positioned in anode chaniber adjoiniag chambers or suitable reinforcement 

3; 2 is the cathode in die cathSde chamber 4. can be employed to support and stiffen these 

Tlie anode chamber is proivded with an inlet relatively thin membranes. 

45 for deptroderinsiiigUquid 7. and wid^/m The cation exchanger and aiiion exchanger IK 

let 8; the cathode diamber with an inlet.9 and. : . can; .be .various commercially available syn- 

oudet 10. thetic resins which are employed in " mixed 

, The deionising chamber 5, provided with bed" deionisation mentioned earlier. In 

. an inlet 11 and an oudet 12, is filled with ion general the sulphonic acid type catipn excban- 

SO exchangers, , which are separated by ion-per- gers and the strongly basic aiuon exchangers, 11! 

nieable membranes 19, 20 from the adjoining e.g. those deriving their exchange capacity 

rinsing chambers. In the embodimeiit illus- from quaternary ammonium groups, are found 

prated in Fig. 1, a roixture of ion exchangers to be preferable as regards exchange 

. is . present between the membranes; in the capacity and rate of ion migration in an 

55 - embodiment according to Fig. 2 . separate electric field. 12C 
strata of anion exchanger 15 and cation The cation and anion exchangers can be 

.exchanger 16 are present; the separating sur- employed in the hydrogen and hydroxyl form 

faces between the strata are here parallel to respectively or in the salt form. If an appar- 

die current direction. In the' embodiment atus is filled vnth the sodium form of a cation 

60 accorduig to Fig, 3 there ,are also separate lexdianger and the carbonate form of an anion 12! 

strataof the two exchangers; the separating stir- exchanger and hard water is passed through 

. face is here parallei to die membranes. Prefer- this apparatus at a rate faster than electro- 

ably membrane 19 is. anion-selective and mena- dialytic" removal of ions takes place, the 

brane 20 cauon-selective . , exchangers may temporarily exchange the 

65 The dectrodialysis apparatus as shown in. sodium and carbonate ions for o±er hardness- 
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producing ions to yidd a softened water. On 
the other hand, if the dectrodialysis is carried 
on for some time without flow of water through 
the resin bed or if the rate of flow is suflfidently 
slow, the water fed; to the bed can be com- 
pletdy ddonised. 

It will be apparent, therefore, that the pixj- 
cess and apparatus can be particularly adapted 
to ddonisatioii of water at a imif onh late as 
wdl as to deionisatidn* wheii tiae derhand of 
deionised water' is iilteirmitt^ti- since the 
exchanger present has a spare eapadtyj In 
the latter case it is necessaiy to provide a 
quantity of ei:dianger siifficiendy large to 
handle die expected peak load on die usual ion 
exchange piindple: In handling such a peak 
load the resins may become substantially satu- 
rated with adsorbed or exdianged ions. At 
the same tim^ under the-irifluente of the dec- 
trie field part of die adsorbed ions migrate to 
the rmsmg chambers. During the periods of 
no deman^! ive/.-::Wheil Etde or no water is 
passed dirough thfe exdiangers &e Adsorbed 
ions are partiaUynor whoUy removed, as the 
influence of the : electric field causes die 
adsorbed -ions td 'migrate through ^e per- 
meable mernbranes, thef ^changers beine 
regenerated: 

The pdtentiid dMerenc^ across the elec- 
tiodes and die cfeent streng^ depend on 
the same factors as in a hofmal electrodialysis 
apparatus, viz., on the number of cells, the salt 
crihcentratibn in dfalysite atid id the riiis- 
Jiig liquid,^ the resisfarite bf the iiifembrane^/ 
the width of die cells, and die likiS, biit= par- 
ticularly \vith a dialysate with a small salt con- 
tait, die voltage js c(Misiderably lower than 
widi a normal elecbodialysis apparatus, since 
the resistance of the dialysate chamber is con- 
siderably lower owing to the presence of the 
ion exchangers. 

The resistance varies according to the size 
and arrangement of die exchanger parades. 
With a relauvdy;small particle size there is 
closer contact between the particles of die 
same exchanger than widi partides of larger 
size, thus tending,;to reduce the resistance. The 
lowest resistance is obtained by arranging the 
exdiangers in alternate strata; the stratification 
of the two exchangers is more favourable than 
the use of a mixture of the two exchangers: 

One of the distinct advantages of the pro- 
cess and apparatus according to the invention 
is the lack of attention required after installa- 
tion. Besides, the apparatus for softening or 
deionising water can operate eflSciently and 
uuatteiaded for months or. even years! The 
cost of electridty is low. The power cost will 
of course depend on the degree of deionisatipn. 

Tlie size of an apparatus depends on the salt 
content of the untreated water and the reduc- 
tion desired and also on the peak load to be 
expected.. 



Example 

Soil water of the following composition: 



HCO^^ 
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SiO, 

- 

Mil - 

Ga++ 
Mg++ 

thus containing 2i56 miUi-equivMents of 
cations per litre and having a specific resist- 
ance of 5.680 Cl/cin^ is to be deionised to a 
concentration of 0.0256 milli-equivalents of go 
salt per litre (spec resistance 560,000 Q/cm'). 
Thfe average spedfic resistaince of the dialysate 
in the deionising cell is 26,400 O/cni^; the 
spedfic resistance of the dialysate chamber 
(cdi width 1 nm) and 2 - membranes appirox, 85 
3,100 n/cm^. If the current density is I 
mA/cm% the voltage required per dialysate 
diamber and 2 membranes is 3;08V: The 
voltaige across die iinsing chambers and dec- 
trode chambers (coimtaining concentrated solu- 
tion) can be negleaed- withvi inulticell' appara- 
tus. ' . ■ ■ ' 

2.534 Grri, equiavlents/m^ mietal ion must 
be removed; at a current yidd of 50%^ taccn* 
on a Coulomb basis, 2X2.534x96,500= 95 
489;G62 Ampisec are required : in^^olvmg a 
' pbwer consiinipribn of 0.42 kWh per 

If in such a deionising cell a stratum is pro- 
vided with alternate strata of anion exchanger 
Dowex 2 (a polystyrene-divinyl benzene 100 
co-polymerisate;, contiaining quaternary ammo- 
nium groups, the nitrogen being linked to two 
methyl and one hydroxy-ethyl group) and 
cation exchanger Dowex 50 (a co-polymeris- 
ate of polystyrene and divinyi benzene, sul- 105 
phonated in die core), the average spedfic 
resistance over the same range of deionisation 
is only 3,000 flcm\. Jn this case it is, how- 
ever, impossible in actual practice to rnaintain 
a cell width of only 1 mm for which reason it HO 
must be enlarged to 2 mm. 

The resistance of the cell, including 2 mem- 
branes, averaged 740 O per cm^; for the 
ddonisation of 1 m' water with a current den- 
sity of 1 mA/cm= and the same current yield 115 
only 0.10 kWh was required. 

It is remarked that with solutions containing 
over approximatdy 10 milli-equivalents of salt 
per litre, the difference in resistance between 
a nonnal cell and a ceU which has been filled 
with an ion exchanger is only relatively small, 
so that with such a solution the use of the 
apparatus and the process of the invention does 
not offer special advantages. 

With a dilute electrolyte solution the con- 125 
ductivity decreases substantially in proportion 
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to the concentration. However, this is no 
longer the case for the combination of dflute 
solutions with an ion exchanger and in this 
case the conductivity does not fall bdow a cer- 

. 5 tain limit. So if concentrated sdutions are 
to be deionised to a yery low salt concentration 
it is prefexred first to deionise dectrolytically 
as long , as the liquid has yet a suflSdent conr 
ducuvity and to carry out the latter part of 

10 the deionisiag process in an apparatus accord- 
ing to die invention. 
What we claim is: — 

1. Process Jfor the deionisation of an iom'c 
hquid which comprises adsorbing the ions from 
15 this liquid , by aii anion esdianger and a cation 
exchanger disposed, fetween ;wo ion-permeable 
membranes and deionising die exchangers by 
^plying an electric current across die mem- 
. proBss and the exchangers which causes dis- 
20 placement of adsorbed cations and i^pns 
through the mepibranes to rinsing solution on 
the other aide of the membranes for regener- 
ation of said exchangers, 
i Process as claimed in Qaim ly wherein 
25 die liquid to be deionised is brought into con- 
. tact with an anion exchanger and a cation 
exchanger arranged ia strata. 

3. Process for the deionisation or coiicen- 
tnation of ionic liquids suljstantially as des- 
30 cribed \wth reference to the example^ . • * 



4. Deionising apparatus, comprisiiig . an 
anion exchanger and a cation exchanger dis- 
posed in a deionisation chamjter bounded, on 
two sides by ion-perpK.^k; membian^ 
chainber be&ig provided widi m^ns.fbr the 15 
introduction and discharge of the liquid to be 
deionised andtiie deipni^ jiguid rcg^eoively, 
each mepbrane forming a bqundaiy bet^ 

the deiqiii^tion chambw and^a rmstng diam- 
ber :prow4ed with_ n^ for the i^jDcodiiction 40 
and - disohiarge of rinsing Uqoid, means bdng 
provided for maintaining a potential -dMereiKe 
across the niembranes and the deipmsing. 
chamber*?-. . . :. v ' •. 

5. Apparatus as claimed in aamDL4> wherein 45 
an anion selective membrane is present ;pn the 
anode side of the deionising. chamber and a 
cation-selectiye membrane on the cathode side. 

.6. .AppMatus as claimed m^^^^ 5, 
wherein the. anion cxchjujger^J^ 
exchanger ^e present as separate sforata. .. 

.7vDSordsing:app^ms sutetairiaily as, (des- 
cribed . widi. reference to ib.^ accompanying 
drawinp. 

ELKINGqrON&FmE^ 
Ck>n$ulting Cheniists and . 
Chartered Patent Agents, 
Bank CSianiberSa 329, Hi^ jiolbom, 
London, W-Cil^ S;^ 
, - Agents .for the Appli^te^: 



U^mipgton^Sp^: Printed to Her Ma}^^^^^ by the Courier Press,-"i957. 

Published, at the Patent pflSc^ 25, Sputh^^ Bufldfqgg, London/ W.c:2; from wW^ 

. ; copies may be obtained; . ' 
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